Background: While the provider volume-outcome relationship has been established for many complex surgeries and invasive procedures, the provider volume impact on outcomes for Hodgkin lymphoma (HL) is less certain. We hypothesized that high-volume providers (HVPs) may have superior outcomes compared with low-volume providers (LVPs).
Introduction
While the relationship between hospital and provider volume and outcomes has been well established for complex surgeries and invasive procedures, the impact of volume on outcomes for patients with hematologic malignancies is less certain [1] [2] [3] . We previously reported that low-volume centers have higher inpatient mortality (odds ratio (OR): 3.26; P < 0.001) than high-volume centers when treating acute myeloid leukemia (AML) [4] . High-volume centers in this study were defined as > 75th percentile, which translated into > 3 inpatient chemotherapy (CT)/month (m), versus the other centers.
Similar to AML, the treatment of Hodgkin lymphoma (HL) is nuanced and depends on dose intensity; therefore, outcomes may be affected by provider experience and guideline adherence [5] [6] [7] . For example, the National Comprehensive Cancer Network (NCCN) guidelines state that leukopenia is not an indication for dose reductions or delay of chemotherapy with adriamycin, bleomycin, vinblastine, and dacarbazine (ABVD) as febrile neutropenia is rare [8] [9] [10] . Similarly, the routine use of myeloid growth factors is not recommended and may be associated with increased risk of bleomycin pulmonary toxicity [11] . Failure to follow these paradigms that are counter-intuitive to the use of chemotherapy in other malignancies may lead to inferior outcomes.
We hypothesized that an outcome-volume relationship would also exist for high-volume providers (HVPs) versus low-volume providers (LVPs) caring for patients with HL.
Patients and Methods
This was a retrospective study approved by the Institutional Review Board at the University of Tennessee. The patients were identified through a pharmacy query of the electronic medical records for whom ABVD was prescribed at the West Cancer Center from January 2010 to June 2015. Patients with a diagnosis of HL having received at least one dose of ABVD were included in the analysis. Patients were divided into two groups according to the primary provider volume, HVP (provider prescribing > 3 CT per m) and LVP (< 3 CT per m) groups based on previous studies [4] . Group characteristics were compared using Fisher's exact test. Event-free survival (EFS) and overall survival (OS), as defined by treatment failure or death from any cause and death from any cause, respectively, were com-pared using Mantel-Cox test. All analyses were performed using Microsoft Excel 2011 v14.5.7 and GraphPad Prism v6.0f. P-values < 0.05 were considered statistically significant and all P-values were two-sided.
Results
Ninety-five patients were identified in the database and 93 patients received at least one dose of ABVD. One HVP cared for 21 patients in the HPV group, while 15 LVP cared for the 72 patients in the LVP group (range 1 -9 patients per provider) delivering a mean of 3.3 and 0.8 doses of CT per month, respectively. While there were more females in the HVP cohort versus LVP (56% vs. 29%), there were no statistical differences in age, international prognostic score, which includes gender, or stage distribution between the HVP and LVP groups (Table 1) . Patients with unfavorable risk (≥ 2B) were also balanced between the groups (HVP 62% vs. LVP 57%, P = 0.803). Median follow-up was 564 (106 -1,832) days for HVP versus 582 (14 -1,844) for LVP, with no patients lost to follow-up.
Total dose delays were less likely performed by HVP (OR: 0.32; CI: 0.15 -0.65; P = 0.0007), and HVP was less likely to hold treatment for afebrile neutropenia (OR: 0.05; CI: 0.00 -0.85; P = 0.0006). The toxic death rate was not statistically lower for patients in the HVP group (OR: 0.18; CI: 0.010 -3.189; P = 0.1913). HVP delivered significantly fewer prophylactic growth factors (0% vs. 42%; OR: 0.00; CI < 0.00 -0.06; P < 0.0001). Both EFS (HR: 6.68; CI: 1.10 -7.62; P = 0.0321) and OS (HR: 3.68; CI: 1.11 -12.22; P = 0.032) were significantly inferior in the LVP group (Fig. 1) .
Discussion
In a previous study, we investigated the outcome-volume relationship of AML which showed a difference in mortality between high-and low-volume centers [4] . Similarly, the results of this study show a correlation between outcomes and provider volume in the treatment of HL at our cancer center. This may be explained in part by lack of familiarity with the NCCN guidelines that lead to treatment delays for afebrile neutropenia and consequently lower dose-intensity.
The overall cure rate of HL approaches 90% with appropriate treatment [12] . Davis et al demonstrated that mortality rates in patients with HL treated in the community were 1.5 times higher than those treated at National Cancer Institute designated cancer centers [13] . For a highly curable disease, prevention of treatment-related complications and mortality is a major concern. Febrile neutropenia, bleomycin toxicity, and poor dose-intensity during treatment are major therapy-related factors affecting outcomes in HL [8] [9] [10] [11] . These complications can be minimized by strict adherence to current treatment guidelines. Mauch et al described that deaths from HL decreased with time from treatment but the excess risk of death from all causes remained constant with time from treatment and was 1.2% per year over the first 20 years. Age at diagnosis (age ≥ 40) and combined CT/radiotherapy were significant risk factors for all cause death [14] .
The outcome-volume relationship was hypothesized when Luft et al demonstrated a relationship between surgical volume and patient outcome [15] . Accordingly, several studies have supported a relationship between hospital volume and shortterm outcomes for malignancies treated for high-risk surgical procedures [16] . Few studies exist investigating the outcomevolume relationship of hematologic malignancies. A retrospective study by Hillner et al hypothesized that high-volume hospital and physicians lead to better outcomes in cancer treatment, but this study mostly consisted of surgical cases [17] . Interestingly, Birkmeyer et al illustrated that relations between surgical mortality is primarily mediated by surgeon rather than hospital volume, as high-volume surgeons had better outcomes than low-volume surgeons despite being in a high-volume hospital [18] . Kimm et al compared treatment efficacy between type of treatment center and/or the center caseload; it was found that neither caseload nor center type (university hospital, non-university hospital, hematology-oncology practices) affect the progression-free survival for HL. This study implied that treatment protocols were followed even in centers with lower caseloads [19] . In contrast, our study evaluated HVP and LVP outcomes within a cancer center and found a significant difference in survival with superior outcomes in those treated by HVP.
Burel et al found that when treating diffuse large B-cell lymphoma, poor adherence to R-CHOP therapy was strongly associated with poor OS. In the study, treatment adherence was measured by the ratio between received and planned dose intensity, and was found to affect OS [20] . Examining hospital volume and adherence to guidelines, Phippen et al found that in advanced ovarian cancer, compliance to NCCN recommended treatment guidelines with optimal cytoreductive surgery in low-volume centers can have similar outcomes to high-volume centers. Patients treated in the low-volume center with adherence to NCCN Impact of Provider Volume on HL World J Oncol. 2018;9(2):46-49 guidelines had OS rates similar to high-volume centers [21] . Socioeconomic factors such as insurance status, residence and treatment institution also affect treatment outcomes. Loberiza et al showed that patients in rural areas are at increased risk of death when compared with patients treated at a university center or community center in urban areas [22] . Similarly, Parikh et al revealed that patients with Medicare or no insurance had worse 5-year OS rates compared with favorably insured patients as they were less likely to receive radiotherapy, start CT promptly and less commonly treated at academic or research centers [23] .
Our study is the first to assess the provider-volume impact on HL with outcomes being inferior in those treated by LVP versus HVP. Larger studies are needed to further investigate these results and efforts to increase homogeneity of patient care and adherence to guidelines may improve outcomes.
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